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Figure 3-6. Trajectery of the Si rinul arity A~sociatcd t-i ith the First Resonance of
the Scatterer I tsel f  as a functi on of h/L or h/a wi th  L/a = 20 -

A pproxi lhlte a n d  Exact Kernel s
Li .

67
V 

- —  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-



Table 3~6. Tr~1ectnry of the Singularity Associated with the First
Resonance of the Scatterer Itself as a Function of h/L
or h/a wi th L/a = 2u~-=--Approximate and Exact Kerne s.

~~~~L/a = 20 (ci = 5.99)

h/L~~ \ V V h/a S 11 SINGULARITY LOCATIO N
APPROXIMATE KERNEL EXACT KERNEL

0.4 8 —0.198 + j2.443 -0.2211 + j2 .454

0.3 6  —0.143 + j2.516 —0.1644 + j2 .519

0.2 4 -0.091 + j 2 .6 17 -0.1085 + j2.61l

0.1 2 — 0 .041 + j2.763 —0.0563 + j2 .747

0.08 1.6 -0.031 + j2.776 —0.0463 + j2 .784

0.06 1.2 -0.0359 + j2.829
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L/a = 10 (ci= 14.60 5) 
V

x Sfl SI1~GULARITY — EXACT KERNL’L 
. 2.5

(~} s11 SIN GULARITY - APP ROXIMATE KERNEL
V h/L = .2

h/a 2
x

/
I / 2.14

‘-
/3 /
/ 3 /

/ .2.3

x
/ 14

/

h/L = .75 /
h/a 7.5 7

2.0
—~~~~~ L — .2 — .1 0

C

Figure 3-7. Trajectory of’ the Singularity Associated with the First
ResonariLe c1 tkc ~ S’~~ ;t t V t e r e i -  I t c e i f  as a Function of h/I.. 4
or h/a w i t h  L / L  = 10 — A~~~ ; r u /.H~~~~.t . e  ~~~~~~~ Exact ~er I)els
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Table 3.7 Trajectory of the Sin gular ity A~~;ociatc~1 with the First
Resonance of the Scattc~-~ i- Itsc-1i’ as ~ Function of h/L

F 
or h/a with L/a = 10 — Approximate and Exact Kernels

L/a = 10 (~Z = 4 .605)

h/L h/a s11 S]N G U L P V R I T Y  LOCATION
APPROXIMATE y~~V~~~~~~’:’j EXACT K~~NEL

.75 7.5 — .36914 + j2.0327 ~.14506 + j2 .0880

.6 6 —.2905 + j2 .C955 — .3565 + j2.1)491

.5 5 — .214114 + j2 .J.1482 — .2995 + j2.1982

14 — .1939 + j2.211414 — .21452 + j2.257G

.3 3 — .11473 + j2 .300 14 — .1923 + j2 .3330

.2 2 — .1007 + j2 .14190 — .11401 + j2.143145

t I V
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Note: When the difference between exact and approxi-
mate kernel sinqularit y locations is small , . 6.1
they are shown as one point.

L/a = 200 (ci = 10.6)
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Figure 3-8. Trajectory of the Sin r iila ri ty Ass o cidt d with the Second
Re~or .ncc of t.F . ~:~t~cr cr Itscl~ o~ o r~~~~~~~V t on of h/L
or h/a w i t h  L/a = 200 - A p prox ii~at r  and Exact Kernel s
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Tabl e 3--8 Trajectory of the Sin~u1: --i~ y Associated with the Second
Resonance of the (‘ , V V i t t e r e r  I tsel F as a Funct ion of h/L
or h/a with L/a = 200 — Approxi;:~~te and Exact Kernels

L/a = 200 ~2 10.6)

h/L h/a s12 ~ 1UCULJ\RITY LOCATION
APPRO)~E.:ATE KI~ EXACT KEFJ EL

.75 150 — .2919 + j 5 .9h01 — .29114 + j 5 .9 14014

.6 120 -.3633 + j6.03D~; -.3591 + j6.0308

.14 80 — .14589 + j5.8~143 — . 1 4583  + j 5 .8 140I4

.3 60 — .3385 + j5.713G — .3395 + j 5.7783

.2 140 — .20114 + j5.L~
O)il — .2022 + j 5 .8O92

.1 20 — .07714 .f j 5
9V t 31 4  — .0767 + j 5 .9339

.07 114 — .o14C~ -f j5.91;98 — .0 1 456  + j5 .99 145

.06 12 — .0369 + j5.707 — .03614 + j6.orr8

.05 10 — .02514 -f j5.iCo — .0279 + j6.O1428

.01 2 
_____________  — .Oo14i + j6 .1552
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.05 A — 6.0

L/a = 100 (c i  = 9.21) /
h/L = .06 /

s 12 S I N G U L A R I T Y  - EXACT K E R N E L  h/a = 6

~ s 12 SI NGULARIT Y - APPROXI MATE KERNEL 
/ - 5.95

5.9

• I —

- 

j
I V~~~ .

• h/L = 4 .2 I 
—

h/a = 40 20
.0 

/ 
- 5.7

-.5 
- 

!2 - .1 
5.65

——
C

Figure 3-s. Trajectory of the Sinqul arity I ociated with the Second
Resonanc of he Scat~~rer Its e l f ~s a FuF c~ iun of h/L
or h/a wi th  L/a 100 - Approxi nate and Exact Kernels
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Table 3-9. Trajector:r of’ the ~in~ u1arity Associated with the Second
Fk-son :~nce  of the Scatterer Itself as a Function of h/L
or h/a with L/a = 100 — Approximate ~nd Exa ct Kernels

L/a = 100 (~l 9.21)

h/L 
- 

h/a 
~12 

SINGULARITY LOCATION
APPROXIMATE -;E~:;LL EXACT }C~RVNEL

.5 50 — . 5876 + j 5.8812 — .5807 + j 5 .8969

.14 14o — .5263 + j5.7139 — .53014 + j 5 .7262

.3 30 — .3791 + j5.6663 — .38148 + j5.6?37

.2 20 — .2271 + j5.71514 — .2323 + j5.72O1

.1 10 — .0909 + j 5.8521 — .0938 + j5 .866) i

.07 7 — .0563 + j 5 .8860 — .0583 + j 5 .9~G7

.06 6 ~.0141414 + j5 .81451 — .01475 + j 5 .9673

.05 5 — .0295 + j5.6256 — .0375 + j5.9931

.02 2 
_______________  — .01214 + j 6.0958

1•
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I
I
I

Table 3-10. Trajectory of the Sin~ u1arity Associated with the( Second Rcson~i~ic~ of i~~~c Sc;it terer as a Function
of h/L and h/a with L/a = 30.

L/a = 30 (ci = 6.80)

h/L h/ a S12 Sin~iila r i ty  Locat ion

Approximate Kernel Exact Kernel

0.5 iS _ 0 . 8V 13 l +j 5 . .~ 258 —0.8888+j.5.5322

0.4 12 — 0 . M 0 3 + j 5 . 3 12 8  -0 .6S5 7+jS .36 52

0.3 9 —O.4535 -4-jS . 3299 -O.4917+jS.3602

V 

0.2 6 —0.2826+jS. 324 -0.3138+jS.4- 8 1

0.1 3 -0 1275+jS.6261 -0.1515+55 .6406

0.08 2.4 — O . 0 9 8 9 +j 5 . 6 6 1 4  -0 .12 12 +j S .69 S3

0.06 1.8 -0.0616+55.5414 -0.0916+55.7669

0.04 1.2 —0.0064+51.9373 -0.0619+jS.8585
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A AtZ — 5.70
= 20 (ci = 5.99)
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Fiqtire 3—11. Trajectory of f h~ ~innu 1ar it v Assoc ia t ed ~
V / j t h  t h e  ~econr1

Resonance of the Scatt trer Itself as a e c t  ion of I/ L  or
h/a w i t h  L/a 20 — App rox in~,te and Exact wriu l s
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Table 3-il. Trajec tory of the  Si n ~~~l t r i t y  Associa ted
with the Second ~~c’~~o n ;n .~~ of the Scat terer
as a Function of h/L and h/ a wi ro L/a = 20.

L/a = 20 (ci 5.99)

h/L h/a S12 Singularity Location

Approximate Kernel Exact Kernel

0.5 10 —O .-8848+jS.1403 —l.005+j5.296

0.4 8 —0.6617+j5.0947 -0.7459+55.185

0.3 6 —0.4738+55.1454 -0.5995+j5.208

0.2 4 -0.3032+j5.2737 —0.3558+55.3131

0.1 2 —0.1452+jS.4913 —0.1851+55.5265

0.08 1.6 -O .1146+j5.5214 —0.1509+55.5936

0.06 1._ —0.0711+j5.2959 -0.1131+j5.6S87
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I

L/a = 10 (ci=14 .605)

• ~12 SIN GU LA RITY — EXACT K~1WEL
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Figure 3—12. Tr:jectory of the  ~~~n , ul ar.t t V ,’ I~: sociated wi th th e
Sec~ ncI onance of the S c i ~ .t~~er 11 self as a Function of
h/L or h/a with L/a = 10 — /~~~pro ; : imat c  and  Exac t  I erncls
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Table 3-12. Trajectory of the Sinrularity Associated with the Second
Resonance of the Scat terer  I tself  as a Function of h/L
or h/a with L/a 10 — Approx ima te  and Exact Kernels

L/a 10 (ci = 14.60 5)

h/L h/a SIfl GULARITY LOCATION
APPROXIi-::.~~~ ?~1~it;2:L EXACT KER~EL

.6 6 —i.io6o 1- j14i.53 ~ 9 — 1.70214 + j I~.7277

.5 5 - .81479 + j 14.5388 -1.1620 + j~i.8091

.14 14 -.6571 + j14.5976 -.87?o + ~14 .8323

.3 3 — .14915 + jjl4. 7092 — .652 14 + j14. 9 11414

.2 2 -.3366 + ~t 14.C38 6 - .14~ 6o + j5.0109
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function of Q’ for the first three natural frequencies for
1/a = 30, h/ L = 0 .05, and h/a = 1.5
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V Figure 3-17. Current on Cylinder with h/L = 0.05 , 1./a = 30 , h/a = 1.5 ,4 o~ = 90~ and q~1 = 1800 at z/L = 0.25, 0.5 , 0.75 .

85

— ~~~~~~~~~~~~~~~~~~~ 
- ~~~~~ ~V~~~V V~ — ~~ V — - - —- -.---- -V.—.. - -—- — 

--V



4.0 V.\~/’t ?,=0.075

~ =2o

/ 1 \  / &=90

I / 4’=180 
V

2.0 , ,  

\ 

I /
E 

__________ ____ 
_____ _____________

I I ~~~~~~ a

0~ — 

5.0 10.0 Ct

4 0 ~~

4.0 
~=O.075

OL =90
2 . 0 -  

~~ =i 8O

~ =O . 25 , 0. 75

O .v — 
0~ 

1
10.0 Ct

4;L~—1 0
-‘I ~

-2.0

-4.0
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IV. CONCLUSIONS

The use of an assumed circumferential Variation for the axial

cuL’rents induced on a thin cylinder , near a perfectly conducting ground

p lane , enhances the validity of analysis. “Thin-wire” approximations

produce reasonable results when the thin cylindrical scatterer is more

than one-tenth of its length above the ground plane. As the thin cyl-

inder is brought near to the ground plane , the assumption of only axial

variation of the currents begins to breakdown .

With the thin scatterer in free space or far  removed from the

ground plane, the computer time consumed in locating singularities

through this formulation is roughly three times that required by

Shuiupert’s Ii) computer code. As the cylinder approaches the ground

plane, the computer time required increases markedly. Nevertheless ,

when the scatterer is close, one cannot use !~thin_~ ire I approximations -

the exact kernel wi th allowance for nonuniform circumferential variation

of the axial current is necessary . The usefulness of this  formula tion ,

due to the increased complexity and calculation time required , must be

evaluated in light of the particular scattering problem being solved .

As noted previously, the assumed circumferential variation of the

axial current is linked to a transmission line mode (TEM) approximation.

The addition of higher order modes would improve the accuracy of the

data obtained . However , the improvement in accuracy versus the increase V

in tim~ and effort required would necessitate cai-~’fii~ study.
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